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1 Introduction
Recently, Green IT has been discussed
with different levels of intensity. Manu-
facturers, associations, and trade shows
are dealing with this subject. Green IT
contests are announced and Green IT al-
liances are formed in addition to Green
IT being an objective of public funding
programs.
Initially, the discussions focused on en-
ergy and resource consumption of infor-
mation technology. As an example, CO2
emission (carbon footprint) is used as
a parameter to measure if information
technology is applied in a sustainable
manner. This approach is also referred
to as Green-for-IT. However, more and
more attention is drawn to the question
of how to use information technology to
tackle environmental challenges. Hence,
the so-called IT-for-Green approach does
not consider information technology as a
reason for environmental issues anymore
but as a potential solution to environ-
mental issues. Putting it differently, the
passive role of information technology as
a cause of environmental issues is trans-
formed into an active role as a solution
to these problems. In terms of the car-
bon footprint, an example of a new chal-
lenge in logistics systems is how informa-
tion technology can be applied to reduce
CO2 emission.
This panel discusses the impact of
Green IT on information systems and
how information systems can meet envi-
ronmental challenges and ensure sustain-
ability. The following questions are ad-
dressed by the contributors:
 What is the position of business
and information systems engineering
(BISE) in the current discussion about
environmental challenges and sustain-
ability?
 What position should BISE take in the
current discussion about environmen-
tal challenges and sustainability?
 What kind of possibilities and impacts
can be expected from “green” informa-
tion systems?
 What are future research areas and
fields of action?
The panel consists of the following schol-
ars (in alphabetical order) from the infor-
mation systems society:
 Prof. Dr. Helen Hasan, University of
Wollongong, Australia
 Prof. Dr. Jorge Marx Gómez, Olden-
burg University, Germany
 Prof. Dr.-Ing. Wolfgang Nebel, Olden-
burg University and OFFIS, together
with Marko Hoyer, OFFIS, Daniel
Schlitt, OFFIS, Dr. Gunnar Schomaker,
OFFIS and Kiril Schröder, Oldenburg
University, Germany
 Prof. Dr. Jan Recker
 Dr. Stefan Seidel, University of Liech-
tenstein, and Dr. Jan Recker, Queens-
land University of Technology, Aus-
tralia
 Prof. Dr. Richard T. Watson, University
of Georgia, USA and Prof. Dr. Jan vom
Brocke, University of Liechtenstein
Nebel et al. point out that there is
a strong increase of energy consump-
tion caused by information technologies
and that information technologies heav-
ily contribute to the overall energy con-
sumption. Only a small percentage of
the energy is transformed into processing
power, a significant amount is used for
infrastructure tasks, such as cooling and
uninterruptible power supply. Since the
degree of capacity utilization has only a
minor influence on energy consumption
of servers, intelligent load management
saves energy. The authors refer to a cur-
rent research project about dynamic load
management for alliances of data centers.
Marx Gómez describes environmen-
tal management information systems
(EMIS) as a type of application system
which has been discussed in the BISE
literature and applied in business prac-
tice for a while. However, current EMIS
are mainly applied to ensure compliance
with legal regulations and for reporting.
He concludes that such systems have to
undergo a paradigm shift and integrate
sustainability across all corporate areas.
According to Hasan, the Green IT dis-
course must not only consider tangible
things but also activities. Since activities
are one of the main objects of research
in BISE, this research area should be re-
ferred to as Green IS. The author differ-
entiates between a strategy of mitigation
and a strategy of adaptation and exempli-
fies three approaches of Green IS.
Watson and vom Brocke identify en-
ergy and information as two basic factors
of the development of the civilized world.
Therefore, it is only consistent to tackle
recent issues of energy consumption with
information technology. This approach,
which is also referred to as “Energy Infor-
matics”, provides an important direction
for information systems and will support
shaping the scientific profile of this field
of research.
Seidel and Recker claim that informa-
tion technology has to support sustain-
ability of business processes. They dis-
cuss an agenda for Green BPM and de-
lineate implications for design, measure-
ment, and implementation of business
processes.
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Overall the articles reveal that infor-
mation systems need to participate in
the discussion about environmental is-
sues and sustainability and contribute to
the solution of current challenges by the-
oretical and methodological approaches
as well as in terms of practical and de-
sign methods. As a result, Green IT trans-
forms into Green IS.
If you would like to comment on this
topic or another article of the journal
Business & Information Systems Engi-
neering (BISE), please send your contri-
bution (max. 2 DIN A4 pages) to the
editor-in-chief, Prof. Hans Ulrich Buhl,
University of Augsburg, Hans-Ulrich.
Buhl@wiwi.uni-augsburg.de.
Prof. Dr. Peter Loos
IWi at DFKI
Saarland University, Saarbrücken
2 Green IT: Energy-Efficient and
Available Computing Power
No other technology contributes more
to conserving scarce resources and pro-
tecting our climate than information and
communication technologies do. The
main goals of green IT are energy and
material savings as well as simultaneously
increased efficiency. The replacement of
physical by virtual products and the re-
lated services or the introduction of the
smart grid to increase the share of re-
newable energy can be mentioned as ex-
amples here. However, also the awareness
is growing that these great achievements
come at a price. The energy consumption
of ICT itself is – with 17% annually –
rising much faster than that of other in-
dustries, and the total consumption al-
ready reached a significantly high level.
CO2 emissions caused by ICT which, for
example, exceed those of air traffic. The
energy efficiency of IT is one of the three
challenges of the IT industry, a position
which was recently confirmed by the Ger-
man Chancellor at the opening of the
CeBIT 2011 in Hannover.
The topic of green IT has been ac-
tively discussed in this context for sev-
eral years in business, politics, science,
and media. In the course of the na-
tional IT summit, the action plan of
Green IT has been developed since 2008.
The federal government as well as the
economic sector – represented by the
Green IT Alliance – and science – rep-
resented by the Science Forum Green
IT – contributed to this issue. Numer-
ous measures have been adopted, such
as a commitment from the federal gov-
ernment to reduce the energy consump-
tion of governmental IT operations of
40% by 2013. In addition, for example,
procurement guidelines and labeling re-
quirements have been determined at a
European level. There have been educa-
tional activities and events as well as pub-
licly funded research projects, such as the
funding competition IT2Green1 carried
out by the Federal Government. In short,
there is a broad awareness of business,
politics, and science for the topic of green
IT.
The strong growth in energy consump-
tion of IT is caused by the economically
and ecologically desirable steadily in-
creasing IT penetration of products and
services within all sectors of the economy,
culture, and everyday life. The necessary
increase in processing power and com-
munication bandwidth, however, cannot
be compensated solely by efficiency gains
from new microelectronic technologies.
As a result, the energy needs increase in
the amount of the already mentioned rate
of 17% annually.
Naturally this leads to the question of
what further opportunities exist to stop
the increase of energy consumption and
how energy can be used as efficiently as
possible. Here, primarily structural in-
efficiencies of today’s data centers are
to be mentioned. Only a minimal per-
centage of the primary energy is actu-
ally used by the servers to provide the
required capacity. More than 90% are
wasted due to losses in energy transmis-
sion, conversion, uninterruptible power
supply (UPS), and in the infrastructure as
well as due to low server utilization. For
instance, the efficiency of the chain from
primary energy via the power plant and
the pipeline network to the data center
is only about 33%. 50% of this remain-
ing energy is often used within the data
center for the operation of a UPS and air
conditioning.
Only about 30% of the remaining en-
ergy is needed by the processor itself, 70%
are used for the periphery and the en-
ergy management of the servers. In the
end, only a small percentage of the en-
ergy is actually consumed by servers pro-
viding the computing capacity for IT ser-
vices. Moreover, it is inefficient to use
only about 20% of the active servers on
average. Their energy consumption is not
reduced in proportion to their workload,
but unfortunately only marginally. Con-
solidating and turning off unused servers
is the most effective and efficient way to
save energy.
It is obvious that this is an important
driver for improving IT efficiency. An in-
crease in utilization will hardly increase
the energy supplied to the servers. Con-
sequently, the absolute losses in the en-
tire chain from the power plant to the
server and in the data center infrastruc-
ture will barely increase. Even a tripling
of the average utilization of the active
servers and the shutdown of the remain-
ing, not required ones could potentially
reduce the energy needs of a data cen-
ter with the same computing power by
66.6%. Of course this would also require
to proportionally scale the energy de-
mand for cooling and UPS according to
the energy requirements of the hardware,
which unfortunately is not the general
case today. But again, the industry offers
applicable approaches by means of intel-
ligent encapsulation concepts.
But what are the causes of low uti-
lization? Traditionally, the resources in-
stalled in a data center are constructed
according to the highest expected per-
formance requirements as defined in ser-
vice level agreements (SLAs). In the worst
– no longer standard – case, one server
is maintained and kept in operation for
each service. The state of the art is to
install one or multiple services on vir-
tual machines and then statically assign
them to servers. The disadvantage of
this static allocation is that the relevant
server capacity is planned to cater for the
sum of the maximum computing power
required by the individual services al-
though these are not likely to be de-
manded at the same time. Furthermore,
usage patterns of the services vary in time
and thus result in a fluctuating demand
for computing power. Hence, in times of
low usage the load on the server decreases
again.
On behalf of the Federal Ministry of
Economics and Technology, a study was
conducted to analyze the potential for in-
creasing energy efficiency of a data center
or in a network of data centers through a
comprehensive load management (Nebel
et al. 2010). In the first stage, such a
load management has the objective to
1http://www.it2green.de/.
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concentrate the active services at a min-
imum number of servers by means of
a load forecast and in accordance with
the infrastructure of a data center. This
is achieved by dynamic allocation and
live migration. The servers not needed
are shut down. To ensure the availabil-
ity of services, the load management al-
ways considers the necessary time and re-
sources for restoring a safe assignment.
According to our investigations, this dy-
namic adaptive load management can
obtain energy savings of 20% to 40%.
In the second stage, the load manage-
ment is carried out dynamically within
data center networks and across the
boundaries of individual data centers.
This enables the use of environmental
conditions varying from region to region
or in time, such as climate or electric-
ity rates, as well as differences in load
behavior or infrastructure efficiency. Of
course, these concepts take migration
costs into account. According to our anal-
yses, the load management across data
centers provides additional savings of 5%
to 10%. Another benefit of this approach
is the ability to shift energy loads in terms
of space and to offer a smart grid to com-
pensate for missing capacity.
Currently, the core idea of both stages is
being exemplarily tested in real data cen-
ters by the AC4DC project funded by the
BMWi. The vision is that precisely the
computing power that is necessary at a
certain point in time is made available
securely and with the respective maxi-
mum possible energy and resource effi-
ciency. In our view, the approach also
contributes to reliable Cloud Computing.
Prof. Dr.-Ing. Wolfgang Nebel
Oldenburg University and OFFIS
Marko Hoyer, OFFIS
Daniel Schlitt, OFFIS
Dr. Gunnar Schomaker, OFFIS
Kiril Schröder, Oldenbug University
3 Challenges for the Next
Generation EMIS
An Environmental Management In-
formation System (EMIS) is an
organizational-technical system for the
systematic gathering, processing, and
provision of environmental information
in a company. Therefore, the application
framework of EMIS is basically equiv-
alent to that of business information
systems within the business and infor-
mation systems engineering (BISE) dis-
cipline.
Despite the fact that the concept of sus-
tainability found its way into German
politics and society already in the begin-
ning of the last decade, the first EMIS,
which were developed at the same time,
did not receive the desired attention in
business practice. From today’s perspec-
tive, a number of different causes can be
identified. A primary cause seems to be
that the functionality of those EMIS that
have been developed so far was essentially
focused on the aim of providing and en-
suring compliance with the law and with
standards of environmental actions.
Hence, currently used EMIS mainly
comply with legal reporting require-
ments and/or support the use and im-
plementation of standardized environ-
mental management systems (e.g., ISO
14001). In the business sphere, the de-
velopment and provision of such sys-
tems is therefore only assigned to oper-
ational management. Traditional defini-
tions mainly support the implementation
of operational objectives which also in-
volves pursuing isolated and uncoordi-
nated objectives. Many application sys-
tems used in practice demonstrate that
such a perspective leads to the realization
of isolated solutions. Hence, software sys-
tems have been implemented that uncon-
nectedly coexist without any integration
effects. In doing so, significant potentials
for the prophylactic environmental as-
pect are not made use of. In sum, these
circumstances led to a failure of existing
EMIS as regards the acceptance in the en-
terprise.
Considering the recent research ap-
proaches regarding the alignment of
EMIS, it becomes evident that research
results published under the heading of
EMIS often only deal with certain as-
pects of integrated environmental infor-
mation systems and do not provide com-
prehensive business functionality, as pro-
vided for example by Enterprise Resource
Planning or Business Intelligence systems
that are known from BISE. Moreover, it
is striking that the information systems
outlined in these publications predom-
inantly are of a non-proactive nature.
Simplistically (and somewhat polemi-
cally), one may state that these informa-
tion systems are not designed for reduc-
ing or even avoiding corporate environ-
mental damage. Instead, these systems
are used – such as e.g. almost all waste
management systems – to (efficiently)
deal with already existing environmental
impacts. Third, the question about the
successful transfer of research results into
business practice, one of great impor-
tance for an application-oriented scien-
tific discipline, is rarely raised. Therefore,
realignment represents an urgent need!
From the perspective of an application-
oriented scientific discipline, this current
condition is extremely unsatisfactory, es-
pecially since it has been postulated that
both the environmental informatics dis-
cipline and its artifacts, the EMIS, aim
at harmonizing operational economy and
ecology. This harmonization must in-
clude all aspects of the entire chain –
from the input and all transformation
processes to the output and, if necessary,
reuse or further utilization – in order to
provide a holistic orientation in the im-
plementation of next generation EMIS.
Future systems must be based on the
sustainability discussion and must con-
tribute to the preservation of nature and
promotion of economic and social liv-
ing conditions by means of the initiation
of economic, ecological, and social pro-
cesses.
This raises the claim of aligning envi-
ronmental information systems with sus-
tainability. Systems that are developed
following this postulate must take on a
more integrative and strategic orienta-
tion regarding their functionality. In this
respect, environmental informatics is re-
quired to change its starting point to the
concept of sustainability. De facto this
is a paradigm shift which, among other
things, results in the fact that a strategic
environmental information management
is developed and established which con-
tributes to defining holistic information
systems that support the concept of sus-
tainability.
The control efficiency of IT will play a
crucial role in sustainable business devel-
opment. It must be proactive at the be-
ginning of product development, as part
of an environmentally integrated pro-
duction as well as in the strategic de-
cision making, rather than just offering
an end-of-pipe solution for passive, sub-
sequent documentation. By using intel-
ligent networked systems and processes,
new EMIS will therefore be built on the
strategic business level, provide strate-
gically relevant environmental informa-
tion and decision algorithms, and en-
able the assessment of sustainable devel-
opment paths, performance-critical re-
source prices, and volatile energy mar-
kets. This makes it possible to visual-
ize associated risks as well as strategically
relevant, system-dynamic cause-effect re-
lationships between economic, environ-
mental, and social indicators.
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By providing integrating green web
services, the new EMIS will become
the connecting link merging the ap-
proaches of, for example, Green IS,
Green IT, Green business, and Green
logistics under the heading of the IT-
for-Green view. This guiding principle
of the recently launched project IT-
for-Green (http://www.it-for-green.eu)
also advances the prototype develop-
ment of such proactive EMIS as part
of a highly innovative community of
members from academia and industry
(http://www.ertemis.eu).
The goal of next generation EMIS
must be to deploy a company’s entire IT
as a resource-directing, integrative ner-
vous system for an intelligent and strate-
gic control, in order to implement an
opportunities- and risk-efficient strategic
environmental management as well as to
enable sustainable shareholder value in
this way. Such information systems will
gain a more comprehensive operational
relevance and thus move back again into
the field of strategic company manage-
ment.
The advance of environmental infor-
matics is realized by its orientation and
extension based on the results of the
sustainability debate. For companies this
will result in automatic, previously un-
used (because not recognized) options to
reduce costs by increasing material and
energy efficiency.
Prof. Dr. Jorge Marx Gómez
Wirtschaftsinformatik
Oldenburg University
4 Green IS Practice for Mitigation
and Adaptation
4.1 Introduction
The Green IT mantra has been around
for some time and has mainly focused
on reducing the Carbon Footprint of the
IT artifact and associated “things”. While
laudable, this is a perspective that will
eventually reach a limit on return for ef-
fort. With the more recent attention on
Green IS, our attention has turned to a
solutions perspective which is more re-
lated to “practice”. Thus, it may be more
sustainable to focus on “activities” rather
than “things” and thus deal more holis-
tic with the many wicked problems sur-
rounding climate change. While “things”
can be at worst be complicated, many
climate change “activities” can be quite
complex and will no doubt remain so.
To set the scene, I have always sub-
scribed to the view that it is in our best
interest to care for the planet and that
each of us should contribute our own
particular knowledge and skills to this en-
deavor. There is a high probability that
anthropomorphic climate change will oc-
cur and so should be mitigated to pro-
tect future generations. However, recent
severe weather events here in Australia
and elsewhere are reminding us that we
may already be seeing the effects of cli-
mate change and we urgently need to en-
gage in targeted adaptation programs.
Being conscious of both mitigation and
adaption is only one way I take a holis-
tic approach to green matters. Although
climate change is the most prominent is-
sue at the moment, it is not the only
one. Sustainability needs a holistic ap-
proach, and we need to be generally envi-
ronmentally responsible in terms of pop-
ulation, air, water, soil, forests, species,
and oceans. It makes no sense to put all
our efforts into stopping global warming
but neglect severe degradation of any of
the others. Moreover, environmental re-
sponsibility should go hand in hand with
economic and social responsibility in or-
der to sustain our civilized way of life.
My holistic view of Green IS prac-
tice means that in any given situation
I see complex interconnected systems
of “activities” with specific environmen-
tal challenges. The activities approach to
Green IS implies re-assessing what we do
and the way we do it as well as under-
standing the mediating role of informa-
tion systems in enabling these activities to
be sustainable. These activities may target
mitigation, e.g. initiatives to reduce en-
ergy consumption, or adaptation to cli-
mate change, e.g. relocating communities
in anticipation of rises in sea-level. Green
IT, which sees IT as a polluter as well as
most of the current Green IS literature
address issues of climate change mitiga-
tion and these are important. However,
I believe that issues of adaptation should
also be included under the Green IS ban-
ner, not as an admission of failure of mit-
igation, but as a fact of life.
So what practices can Green IS bring to
make a difference to mitigation or adap-
tation or both? Green IS as a field of study
is a subset of the Information Systems
(IS) discipline, which naturally concerns
the study of “information systems” as IS
artifacts. IS artifacts are tools which me-
diate activities and which evolve to meet
the expanding requirements of those ac-
tivities. As distinct from the IT artifact,
which is a relatively simple tool, the IS
artifact is a complex socio-technical sys-
tem defined as an “integrated and co-
operating set of people, processes, soft-
ware, and information technologies to
support individual, organizational, or so-
cietal goals” (Watson et al. 2010). Infor-
mation systems can be designed to me-
diate complex activities in dynamic situ-
ations facing uncertain futures. I am in-
spired by this quote from Dave Gray2,
“when you make the complicated simple,
you make it better, but when you make
the complex simple, you make it wrong”.
So if a situation is complex it should re-
main so and be treated as such.
As an IS professional, I am not over-
whelmed by complexity, in fact I revel
in it, and believe that IS is in its el-
ement when tackling wicked problems.
We face a multitude of diverse and com-
plex wicked environmental problems at
many levels. Wicked problems can never
be completely solved but can be par-
tially resolved using concepts from Com-
plexity Theory, such as emergence, self-
direction, social learning, and systems
thinking. IS professionals have a wide
range of knowledge and skills that suit
complexity. They draw on frameworks,
methods and techniques from many ref-
erence disciplines as appropriate. They
also have valuable experience in manag-
ing cross-disciplinary projects. They un-
derstand the activities of design, develop-
ment, implementation and maintenance
of information systems as well as the
business activities which use the system.
Green IS seeks a balance between the
negative impact of a system due to its
own Carbon Footprint (the Green IT as-
pect) and the positive effects the system
can have in helping to lower the Carbon
Footprint of other activities. This is remi-
niscent of the productivity paradox when
many studies showed no correlation be-
tween expenditure on IT and productiv-
ity. Eventually it was realized that this
comparison was too simple for assessing
the value of organizational information
systems and we have moved on. Getting
the balance right for Green IS will prob-
ably give us a similar challenge and I will
now demonstrate the complexity of this
balancing act with some examples.
2Founder of Xplane.
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4.2 Example 1 – The Activity of
Teleworking as a Mitigation Strategy
From the time computer-based networks
first appeared and workers could log
into organizational systems from home,
the advantages of teleworking were pro-
posed. It was thought that such opportu-
nities would be popular with many work-
ers, particularly women and those who
had long commutes to work. Many or-
ganizations put programs in place but
they were not as popular as expected.
Question were raised on how well people
would work unsupervised and whether
workers would miss the social side of
work. As typical of a wicked problem,
teleworking has quietly become accepted
in some circles. Indeed, my own daughter
took up the option to work from home
two days a week after the birth of each of
her children.
More recently attention is back on tele-
working as a Green IS issue. Reducing
the need to travel to and from work ev-
ery day may not only lower emissions for
the worker involved, but also free up the
peak hour commute meaningless emis-
sions from everyone else on the road.
However studies say that it is not so sim-
ple. The increased energy consumption
for the worker at home can be more than
the reduction at work. Freeing up traffic
can encourage more people to drive and
so the emission intensive bottle necks re-
appear. All sort of activities need to be
considered to be sure that telecommuting
is really green.
4.3 Example 2 – The Activity
“Adaptation to the Impacts of Climate
Change: A Chronic Issue”
On the eastern sea-board of Australia
where I live State government is planning
for consequences of sea level rises. Infor-
mation systems have been used to model
the effect on each local area and all resi-
dents have received a map of how prop-
erties will be affected by future scenar-
ios. This has all sorts of consequences for
managing risk, planning of future infra-
structure and services, rezoning of land,
property prices, voter backlash, and so
on. Can Green IS improve the modeling
regime to allow for some of this?
4.4 Example 3 – The activity
“Adaptation to the Impacts of Climate
Change: An Issue of Crises”
In recent severe weather events much use
was made of mobile social technologies
to communicate between the relevant au-
thorities and the public. Much of this
activity was emergent, bottom up and
self directed. During the Brisbane floods
the state police acquired 50,000 Facebook
friends and 10,000 followers on Twitter.
This had obvious advantages with a few
reservations about misinformation and
inappropriate use. Green IS should surely
be interested in this area.
These examples only touch on the
complexity of mitigation and adaptation
activities. While it is hard to determine
what are the best “green” decisions in
any particular case, we must act as best
we can, monitor what we do, and adjust
where needed. This is how it works in
complexity.
Prof. Helen Hasan
School of Economics
Wollongong
Australia
5 Energy Informatics: A Critical
Imperative for Information
Systems
Energy and information are the two crit-
ical elements of modern society, a place
they have held since the emergence of civ-
ilization. Darwin asserted our two most
important inventions are fire (a form of
energy) and language (a form of informa-
tion system). The intertwining of energy
and information systems is readily appar-
ent over the millennia. A few examples
demonstrate this close linkage. Water-
powered paper mills in Samarkand in the
8th century mechanized the production
of paper, essential for the efficient mass
transmission of information and the sub-
sequent rise of literacy. Today’s multi-
tude of computer-based information sys-
tems can’t exist without electricity. The
search for oil and natural gas, current
major energy sources, is information in-
tensive. Thus, it is surprising that this
critical connection has not emerged as a
nexus of research until quite recently. We
assert that there are two critical impera-
tives for a major intellectual investment
in this nascent discipline by IS scholars.
First, the world faces an ecological cri-
sis in the form of global warming result-
ing from the release of CO2 when fos-
sil fuels are burnt. It will take us decades
to eliminate CO2 emissions by captur-
ing and sequestering them or shifting to
a range of green energy sources. Mean-
while, we advocate investment in En-
ergy Informatics research, with a partic-
ular focus on reducing energy consump-
tion through the development of practi-
cal solutions leveraging the transforma-
tive power of information systems. Such
solutions will be a critical enabler for
designing processes with reduced energy
consumption and CO2 emissions. For
the past half-century, information sys-
tems have been the drivers of produc-
tivity gains in advanced economies. We
have off-the-shelf technology and well-
developed methods for building and de-
ploying information systems as well as for
redesigning processes.
It is critical for the world’s future that
many IS scholars become fully engaged
in research, education, and practice that
lead to a reduction in CO2 emissions.
Prominent examples in the realm of En-
ergy Informatics are the development
and deployment of sensor networks for
better managing the demand and sup-
ply of energy (Watson et al. 2010) as well
as the adoption of IT-enabled sustainable
work practices aimed at reducing energy
consumption and CO2 emissions (Seidel
et al. 2010).
Second, IS has struggled for decades
to create a distinctive academic niche. IS
emerged in the U.S. as predominantly a
derivative social science, and the journals
predominantly publish such research. We
classify IS as a derivative field, because
nearly all IS research takes one or more
social science theories, usually from man-
agement, and tests them in an IS context
or explains an IS phenomenon in terms
of these theories. As a result, much of
what we call IS research could just as well
be undertaken by academics in the disci-
pline where the theory originated.
In our opinion, IS needs to do two
things. It should (a) reorient itself as a
solution science and (b) develop a con-
ceptual foundation. We believe that by
focusing on Energy Informatics, IS can
begin this transformation. IS can make
a contribution to solving global climate
change, the most critical problem fac-
ing the world, by developing solutions. IS
as practiced in organizations is a prob-
lem solver, and IS research needs to mir-
ror practice and, more importantly, lead
practice in solving problems. Such so-
lutions can take the form of software,
but also methods and models for the de-
velopment and deployment of the same
(Hevner et al. 2004; March and Smith
1995). The previously mentioned sensor
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networks are a good example for entire
infrastructures that will increasingly be-
come critical in order to manage energy
consumption in broader organizational
and societal contexts. Focusing on solu-
tions might also help the field to funda-
mentally think about how it creates value
and wealth, which is what today’s soci-
ety rewards, and put us on the path to a
conceptual foundation. At the same time,
we encourage fellow researchers to de-
velop foundational theory that explains
how the transformative power of IS can
be leveraged in order to allow for the de-
sign of energy efficient processes with re-
duced CO2 emissions. Such theory can
meaningfully contribute to the concep-
tual foundation as it informs IS research
that focuses on solutions.
The duality of the critical imperative
is also captured in the two key questions
that we believe Energy Informatics needs
to address, namely
 How does society use information to
increase energy efficiency?
 How does society reduce the energy re-
quired to process information?
The first question gives IS scholars a
central societal problem, which must be
solved, to address. The second question
follows from the first, because as we be-
come more dependent on information to
solve the energy efficiency problem, we
also have to find better ways to process
the additional information or all will be
for naught.
IS scholars could elect to send Energy
Informatics down the same social science
path, but to do so would miss an oppor-
tunity to show leadership in both lead-
ing in the solution of a critical problem
and leading IS in a new direction. We
have made a start. Energy Informatics
has arisen within the IS field rather than
practice, and we need to maintain leader-
ship.
Richard T. Watson
University of Georgia
Jan vom Brocke
University of Liechtenstein
6 Green Business Process
Management
6.1 Introduction
In their paper in the March 2010 is-
sue of MIS Quarterly, Watson et al.
(2010) called information systems (IS)
researchers to investigate how the trans-
formative power of IS can be leveraged
to create an ecologically Green IS sustain-
able society. In this context has emerged
as “the design and implementation of in-
formation systems that contribute to sus-
tainable business processes” (Boudreau et
al. 2007), based on the argument that
the changes enabled through the design
of green information systems can go be-
yond the effects of improved energy ef-
ficiency and reduced power consump-
tion that characterize a sustainable in-
formation technology (IT) infrastructure
(Green IT).
In this commentary, we examine how
information systems can lead to more
sustainable business processes, by dis-
cussing the contributions that business
process management (BPM) can play in
leveraging the transformative power of
IS in order to create an environmentally
sustainable society (see also Seidel et al.
2011).
The management of business pro-
cesses, to date, has typically focused on
business improvement alongside the di-
mensions time, cost, quality, or flexibility
– the so-called “devil’s quadrangle”. Con-
temporary organizations, however, in-
creasingly become aware of the need to
create more sustainable, IT-enabled busi-
ness processes that are successful in terms
of their economic but also their ecologi-
cal and social impact. Exemplary ecolog-
ical key performance indicators that in-
creasingly find their way into the agenda
of managers include carbon emissions,
data center energy, or renewable en-
ergy consumption (e.g., SAP 2010). The
key challenge, therefore, is to extend the
devil’s quadrangle of business process
management to a devil’s pentagon, in-
cluding sustainability as an important
fifth dimension in process change.
6.2 The Role of Business Process
Management in Green Initiatives
In managing business processes to en-
able business benefits in terms of costs,
flexibility, time savings, quality and, in-
deed, environmental, ecological, or so-
cietal sustainability, the use of IT-based
systems can be an important enabler, if
deployed and appropriated effectively. It
is at this intersection of IT-system en-
ablement and process change that we be-
lieve the true potential for sustainability
transformations lies. Our key premise is
that business and IT managers need to
engage in a process-focused discussion
to enable a common, comprehensive un-
derstanding of process, and the process-
centered opportunities for making these
processes, and ultimately the organiza-
tion as a process-centric entity, ‘green.’
Our reasoning goes as follows: The
consideration of only those potentials
that come out of Green IT is too lim-
ited to facilitate discussions that can help
business executives in putting these green
IT solutions into business work. A net-
work server platform that is characterized
by reduced energy consumption still re-
mains a mere network server platform.
If the business processes that run on this
platform themselves are not designed to
be ecologically sustainable, then the pos-
itive effects of an underlying green IT so-
lution will remain minimal if present at
all.
At the same time, however, it is im-
possible to think of undertaking a major
sustainability change initiative (involving
the redesign of major business processes)
without considering what IT can provide
to that effect. Still, it is equally impos-
sible to think about any major redesign
that does not call for major changes in
how employees perform their jobs. Em-
ployees and the management of employ-
ees are just as important as the under-
lying IT infrastructure, and the systems
that run on this infrastructure, in the
transformation to sustainable practices
and solutions. Our argument therefore is
that BPM provides just the perspective
that enables an integrated, holistic ap-
proach to the management of sustainabil-
ity change.
The proposition that we put forward
in this statement is that only through
the dedicated management of process
change, and the application of related
techniques, such as process analysis, pro-
cess performance measurement, and pro-
cess improvement, the transformative
power of IS can be fully leveraged in order
to create environmentally sustainable or-
ganizations and, in turn, an environmen-
tally sustainable society. Our argument,
thus, is that the management techniques
associated with BPM will allow us to bet-
ter understand the transformative power
of IS in the context of sustainable devel-
opment. Figure 1 encapsulates our view.
Our model suggests that a faithful ap-
plication of green information technol-
ogy and green information systems re-
quires a sound understanding of how the
technological and system-enabled capa-
bilities facilitate a change in the busi-
ness processes of an organization. The
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Fig. 1 The role of BPM in IS-enabled sustainability initiatives
promise of business process management
is that it enables analysts and managers,
but also researchers, to understand these
change capabilities, understand the im-
plications of the change, and manage the
change itself.
Still, contemporary business process
management to date has not explicitly
focused on environmental sustainability
as a change objective or driver. Thus,
we see a need for research in particular
to extend our current view of business
process management towards the notion
of Green BPM that incorporates sustain-
ability as an objective and as a vehicle for
managing business process change. We
outline important elements in this view
in the following.
6.3 AWorking Agenda for Green BPM
We identify the following exemplary
working areas for research alongside a
classical process management lifecycle
(Hammer 2010). We do not claim that
these issues are exhaustive but rather one
appropriate way to conceptualize rele-
vant areas of BPM that may be consid-
ered when investigating the role of pro-
cess management in the context of envi-
ronmental enterprise sustainability.
(1) Process design: It will be necessary to
accommodate sustainability-related
concepts, such as carbon emissions
or energy consumption of business
activities in the design of business
processes. This, in turn, will al-
low for analysis and improvement
that not only consider economical
but also ecological targets. Diagram-
ming business processes with ex-
tended process modeling notations,
for instance, could be used to doc-
ument and analyze data about the
waste associated with each process.
(2) Process measurement: Organizations
need to embed sustainability-related
targets at all levels of business, start-
ing from the strategy level. Conse-
quently, process measurement needs
to accommodate sustainability-
related factors such as carbon emis-
sions, energy consumption, and pa-
per consumption. The measurement
of these factors not only allows for
controlling the accomplishment of
sustainability-related targets, but
also creates transparency and aware-
ness that is needed in order to reach
employees throughout the organiza-
tion. Consequently, it will be neces-
sary to develop a thorough under-
standing of the required measure-
ment systems as well as to develop IT
systems that collect data and allow
for detailed monitoring and analysis
of sustainability-related measures.
(3) Process improvement and process
change: A more detailed understand-
ing is required how the deliberate
improvement and redesign of pro-
cesses can contribute to achieving
sustainability targets. While some
processes may become more sustain-
able through rather simple improve-
ments (e.g., eliminate paper produc-
tion alongside a process), others may
require a fundamental redesign (e.g.,
virtualize a process). Sustainability-
aware process improvement meth-
ods, in turn, will assist organizations
in fully leveraging the transformative
power of Green IS.
(4) Process implementation: Finally, sus-
tainable processes need to be imple-
mented. In order to do so, organi-
zations are required to allocate suf-
ficient resources, provide eco-aware
training to employees, and put into
action the previously defined mea-
sures. Moreover, dedicated informa-
tion systems are required to col-
lect data, monitor performance, and
create the transparency that is re-
quired in order to involve people
across the entire organization. Con-
sequently, researchers need to inves-
tigate the factors and dynamics that
are relevant in the context of im-
plementing sustainable business pro-
cesses, and which capabilities of in-
formation systems assist with this
challenge.
6.4 TheWay Forward
We suggest at least two main avenues
for the way forward. First, IS researchers
need to investigate the role of process
change in the transformation process to-
wards enterprise sustainability. Such re-
search can employ both qualitative meth-
ods for the generation of substantive the-
ory that explains the underlying trans-
formation processes, and quantitative re-
search that aims at developing formal
theory. Second, grounded in such theo-
ries of change, and drawing on process-
related methods and techniques, IS re-
searchers should proceed to more pre-
scriptive, normative, or design-oriented
research that delivers well-founded and
validated artifacts that can be used to di-
rectly impact the implementation of sus-
tainable, IT-enabled business processes
(Watson et al. 2010).
Stefan Seidel
University of Liechtenstein
Jan Recker
Queensland University of Technology
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